Abstract The Sweetwater Authority's urban runoff diversion system (URDS) comprises constructed wetlands on a hillside between the town of Spring Valley and the Sweetwater Reservoir, California, USA. The URDS were designed to divert dry-weather and first-flush urban runoff flows from the Sweetwater reservoir. However, these constructed wetlands have developed into ecologically valuable habitat. This paper evaluates the following ecological questions related to the URDS: (1) the natural development of the species present and their growth pattern; (2) the biodiversity and pollutant stress on the plants and invertebrates; and (3) the question of habitat provided for endangered species. The URDS wetlands are comprised primarily of rush (Scirpus spp.) and cattails (Typha spp.). This vegetative cover ranged from 39 -78% of the area of the individual wetland ponds. Current analyses of plant tissues and wetland sediment indicates the importance of sediment sorption for metals and plant uptake of nutrients. Analyses of URDS water following runoff events show the URDS wetlands do reduce the amount of nutrients and metals in the water column. Invertebrate surveys of the wetland ponds revealed lower habitat quality and environmental stress compared to unpolluted natural habitat. The value of the wetlands as wildlife habitat is constrained by low plant biodiversity and pollution stress from the runoff. Since the primary Sweetwater Authority goal is to maintain good water quality for drinking, any secondary utilization of URDS habitat by species (endangered or otherwise) is deemed an added benefit.
Introduction
Southern California water is increasingly becoming a valuable scarce resource due to growing populations and anthropogenic contamination. In such a situation, wetlands possess the potential to have a substantial impact on sustaining and protecting available water resources. The Sweetwater Reservoir, located 8 miles southeast of San Diego, serving the cities of Chula Vista, National City, and Bonita, California, is such a water resource. In 1978 the Sweetwater Authority developed an urban runoff diversion system (URDS). The URDS was designed to "intercept and divert non-point source runoff, primarily salt, around the reservoir during storm events and dry weather flows" (Thompson, 2005) . Flow diverted through a forebay area and then into the constructed wetland ponds was eventually pumped from the ponds and treated at a downstream reverse-osmosis plant. This study focused on two of the URDS wetland ponds, Alacena and Gum Tree (Figure 1 ).
Methods

URDS vegetation
Initial on-site surveys determined the primary aquatic macrophytic plant species present in the URDS wetland ponds. Aerial photographs were utilized to determine the percent cover of the primary aquatic plants, open water, and side bank areas of Alacena and Gum Tree.
Forebay vegetation
As the urban runoff from the city areas surrounding the Sweetwater Reservoir is diverted, it first passes through an area called a forebay. The forebay contains two gated channels that separately lead to a wetland pond and to the reservoir. The forebay is suspected to function as a significant pre-treatment catchment before the runoff reaches its respective wetland pond (Figure 1 ). This is presently under investigation.
Subject to wet and dry periods, the forebay vegetation is comprised mainly of native facultative wetland species. On-site surveys, photographs and plant samples were used to identify the species present. An aerial photograph incorporated into a geographic information system (ESRI, 1998) and on-site measurements were used to calculate the relative area covered by each species in their respective forebays. In order to assess the phytoremediation capabilities of the forebays, the literature was reviewed for each identified species.
URDS wildlife and invertebrate surveys
Surveys of wildlife and invertebrates were also utilized in assessing the habitat quality of Alacena and Gum Tree. Wildlife surveys were conducted for resident and migratory avian, flying invertebrate, and mammalian species in and around Alacena and Gum Tree and the Sweetwater Reservoir area.
The major invertebrate taxa present in Alacena and Gum Tree were surveyed using biological reconnaissance (BioRecon). This is a form of rapid bioassessment to screen for impaired/non-impaired sites. Both soil cores and aquatic sweep nets were sampled at the same points in the wetland ponds as were the aquatic vegetation (Figure 1 ).
Results and discussion
Forebay vegetation
Most of the forebay plant species were native annual perennial herbs. The dominant species for the Gum Tree forebay (GTFB) was Phragmintes australis. Alacena forebays 1 (AFB1) and 2 (AFB2) have similar plant compositions, with dominant species of Typha latifolia and Scirpus californicus ( Table 1) .
The literature was evaluated for phytoremediation potential for plant species covering more than 10% of their respective forebay area. In relation to phytoremediation potentials in GTFB, Phragmites australis had been reported to remove metals and nutrients, to increase sedimentation of suspended solids by slowing flow, and to increase the polycyclic aromatic hydrocarbon (PAH) soil concentrations (Ye et al., 1997b (Ye et al., , 1998 and Haarstad, 2003). These compounds are hydrophobic to varying degrees and tend to be primarily associated with particulate matter or solid phase (Suffet and Stenstrom, 1999) . However, nutrients are hydrophilic and tend to associate with the soluble phase.
For AFB1 and AFB2 phytoremediation potentials, Typha latifolia (Taylor and Crowder, 1983; Scholes et al., 1998; Abira et al., 2003; Omari et al., 2003) and Scirpus californicus (Schwartz and Boyd, 1995; Hawkins et al., 1997) had been reported to reduce metals, nutrients and hydrocarbons, and Ye et al. (1997a) and Schwartz and Boyd (1995) showed an increase in sedimentation of suspended solids. Additionally, Anemopsis californica was reported to decrease coliform bacteria counts (Karpiscak et al., 2000) , along with reported metals and nutrients removal capabilities (Karpiscak et al., 1996) in AFB2.
URDS vegetation
The emergent vegetation in the wetlands primarily responsible for phytoremediation, sedimentation, and other water pollutant removal processes were cattails (Typha spp.) and bulrushes (Scirpus spp.). There were some upland species on the banks of the wetlands, although these vegetative species contributed negligibly to pollutant removal. Scirpus was the dominant genus of Alacena, with Typha constituting 7% of the total vegetation of the total vegetation. For Gum Tree, Typha and Scirpus were 70% and 30% of the total vegetation, respectively. Typha spp. and Scirpus spp. have been favored in constructed wetlands for their survival capacities, generally forming dense vegetative stands. Growth of the vegetation followed an inward pattern from the bank edges to the center of the wetlands. Alacena had extended patches of edge growth, covering 39% (2.7% Typha and 36.6% Scirpus) of the total area. The bank and open water areas for Alacena were 17% and 44%, respectively. However, vegetative growth at Gum Tree covered 78% (54.6% Typha and 23.4% Scirpus) of the total area, with 20% bank area and 2% of an open water area.
Pollutant removal rates are partially dependent on density of vegetation. The presence of vegetation can affect the hydrology, increase sedimentation, provide root zone aeration of the soil for microorganisms to degrade constituents, and can affect the types of local and migratory wildlife species using a wetland as habitat (Kent, 1994) . The dense reed stands may also help reduce the productivity of algae, provide better microenvironments for invertebrate and fish communities (Marble, 1992) , and enhance the surface area available for microbial attachment (Kent, 1994) . The high percent cover of vegetation may result in relatively higher sedimentation rates at Gum Tree compared to Alacena. As well, the larger open water areas of Alacena may provide greater removals in terms of photolysis reactions and volatilization (for low molecular weight PAHs, hydrocarbons and mercury) (Kent, 1994) . Both Typha spp. and Scirpus spp. are known to acquire heavy metals, nutrients and other constituents in root, rhizome and leaf tissues (Taylor and Crowder, 1983; Schwartz and Boyd, 1995; Hawkins et al., 1997; Scholes et al., 1998; Cardwell et al., 2002; King et al., 2002; Abira et al., 2003; Omari et al., 2003) . They have also demonstrated the collective ability to increase levels of dissolved oxygen (DO) and reduce the presence of fecal coliform, enterococcus, Salmonella, Shigella, Yersinia and coliphages (Hench et al., 2003) . Increased DO levels are important for any potential odor concerns of the URDS and for being positively correlated with the richness of invertebrate taxa (Nelson et al., 2000) .
Invertebrates
Pollution via urban runoff directly relates to the habitat quality the URDS provide to wildlife species. Bioaccumulation, biomagnification, routes of exposure, and quantity and quality of the local food chain base are all factors which are relevant to pollution and habitat quality. These surveys are useful since invertebrates are important as a basis for the community food web, and invertebrate assemblages may be used to indicate environmental stress/habitat quality. The surveys consisted of invertebrate soil cores and water column samples taken at both wetland sites (Tables 2 and 3 ). The results revealed the absence of any sensitive indicators, fairly low taxa diversity, species of moderate to high levels of pollution tolerances, and species documented to be found in disturbed urban and suburban areas (USEPA, 1990; Nelson et al., 2000; Burton and Pitt, 2002; Morse et al., 2003) . These results indicate lower habitat quality, environmental stress, and nutrient enrichment.
Wildlife
The dense vegetation cover of Gum Tree provides effective habitat suited for interior adapted wetland species. The openness of Alacena provides increased edge habitat, as well as open water habitat for waterfowl, wading bird, and raptor (foraging) species. Both URDS, surrounded by grassland and chaparral, also provide a small transition zone as additional habitat for various wildlife species. Deer, rabbits, birds and raptors benefit from the wetland to upland transitions. A variety of wildlife also use upland areas adjacent to wetlands, such as amphibians, reptiles, foxes, skunks and rabbits (Kent, 1994) . Avian species observed around the URDS include: red-winged blackbird, Quiscalus quiscula, European starlings and Anas platyrhynchos. There could be possible URDS usage by the endangered species California brown pelican (Pelecanus occidentalis californicus), Southwestern willow flycatcher (Empidonax traillii extimus), Peregrine falcon (Falco peregrinus anatum), and the Quino checkerspot butterfly (Euphydryas editha quino), which have all been sighted at or nearby the Sweetwater Reservoir area (Table 4) .
Conclusions
In conclusion, plant species diversity is low and comprised only of emergent species, compared to a suggested composition (Marble, 1992) of submerged aquatic and emergent species. However, a wetland composition of few emergent species to that of an emergent species monoculture is common for other wetland areas designed to intercept polluted waters (Kent, 1994) . Moreover, these wetland habitats do provide benefits to local and migratory wildlife. Various local and migratory species of the wetland habitats and the surrounding chaparral areas utilize the URDS in various manners (feeding, etc.). However, though many wildlife species make use of the wetlands, these benefits provided by the existence of the wetlands are tempered by the quality of the wetland habitat. While the URDS habitat is not completely degraded from receiving urban runoff, chemical analyses of potential phyto-accumulation and toxicity studies are needed to reveal the degree, if any, of negative impacts on wildlife utilizing the URDS habitat. Finally, it is important to note the primary Sweetwater goal of the URDS is to maintain good reservoir water quality for drinking purposes. Thus, any developed URDS functions for habitat are added benefits of significant value. The URDS forebay and wetland areas treating contaminated urban runoff will result in degrees of environmental degradation of the URDS system. The primary goal is opposite to, and will always be conflicting with, the potential secondary goal of the URDS in providing quality habitat for wildlife species (endangered or otherwise).
